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Al)st]vid

‘1’llis I)alwl (Ic.sclilms a Ilic[a[rllica]  scllcdalill~,,
I)lanllillp,, conllo], aad cxc. catiotl  tnollilolillr,
atcllilcctalc f’o] aatolllaling ol)c.]fi( ions o f  a
wo]ldwidc nc.twmk o f  cc)ll]]]ll]t~ica(iolls  antcnllas,
WC fli SI dcscl ilm tlm nclwork  au[ml]alioll lM ot)lcla
and cat[cn[ II Iodc. of opc.ra(iolls.  WC IImn dcsctilm  a
tlllcc layc] llictatchical  arcl}i[cc(arc fw aatonla(inp,
Ilc(w(uk  opcI aliens. In palliculal  wc cx])lain IIIC
Ilo[ioa of ]Jlan/scl  EdLIlc ~,cnctation, cxc.cation,  and
Ic.vision  al  cacti lCVC1. l;inally,  wc dcsctibc  t h e
caMcmt slate of dcploylncn(  for cad] se. fyncnt of lhc
fiulm]~ ation arcl]ilcdarc,

lntroduct  ion

‘1’IIc l)ccp  S p a c e  NcIwork (l)SN)  (l)SN,  1994) w a s
c.sltil)listvd  in 1958 and since. llwt I il has c.volvcd into ltm
lar~,cst and ]nosl  scnsi(ivc scientific tclccc)]l]lllllf]icalio~ls
and ]adio navir,  tition nclwwk in (IK world, ‘1’tm purlmsc
of IIIC. I)SN i s  10 sup]mrt un]]i}otcd intclp]anc.(a]y
spat .ccraf[  ]]lissions and [0 sapl)orl radio and Iadar
ash onolny  obsc. t valions in tllc c.xplot tilion of ttm solar
sys[c.11~ and lIIC univc.rsc. ‘1 ‘hc.rc  alc t Ilrc.c deep space.

‘J’ltc lcscalclI dcsa ibcd in (I]is lmpcl was cal[ic.d oat
I)y (IIC  Jet IYopulsioa  1,atma[m y, {;alifm I]ia lns(itatc  of
‘1’cc}lllolo~,y, ulldcr a  cot]tlac[  wi(ll II)C Na(ioaal
Ac.rot]au[ics and Space A(ltl]illis(ia(ioll,

l;o] fur[l)c] in fo[ma (ion coa[acl:
slcylc.cllicll(  ~~jl~l.llasa,gov.

Cotlll]ll]ltic:i[iolis”  cOIII])ICXCS, lt~ua[cd in (’anl)ct la,
Aas(ial ia, h~adli(i, SIJain, and (ioldsloac,  California.
IIHCII  I)SN COIII1)ICX  olwla[cs  foul dcc[~ slmcc sta(ions  - -
-one ‘/() -Inctc  I aatc{laa, (WO 34-rllc.tcl aalcllnas,  and onc
26-lllctcl alltclllla, ‘1’l]c fullc[ions  O( (Itc. I)SN a[c [o
[cccivc  lclc]I)c[ly si~aals  floll]  slmccciaf(,  lransll~it
CO1l)lll; ill(lS tll~t COII(IOI  lIIC S])[iCCCliif( opua[ing  II)()(lcs,
F, CI)CI a[c (Ilc ]adio navigation dala used 10 locale and
gaidc. Illc sl)accc[afl  to ils dcslinalion,  and acquire fli~ll(
]adio scicncc,  ]adio a n d  radar asllonoll~yt  vc.ry lon S
twsclinc in[m fcrmnclly,  a[id ~codynalnim  nu.usurcmca(s,

l~loln its inccl)tion IIIC  I)SN has been drivcm by the
need I o Clcalc. i]lc]c:isinp,ly I))OIC sensitive.
t(:lccol]li[lllr  licati(~l]s dcviccs  and bc(lcl (ccllniqucs  for
navigatim).  ‘1’hc.  o])c]atiorl  o f  Illc lJSN cc)l~][]ll]llicatio]]s
coltl])]cxcs Icquilcs  a IIigh Icvc] o f  I[]:inual  inlcraclion
wi[ll  Ilm dcviccs in Illc cc)rllrllllrlicaliotls  l i n k  with ltm
spaccmaf[.  la il~otc icccnl ti]]lc.s N A S A  has acldcd solnc
ncw rcqailclncnls  to the dcvclopmcm of tlic I)SN: ( 1 )
rcducc [lIC cost o f  opcl:iting (IIC I)SN, (2) impmvc. the
o[uability, Icliabili[y, and ]naiatainat~ility  of  tt]c I)SN,
aad (3) prc.pale fw a ncw c.ra of s[~acc exploration willl
[IIC. NCW h~i]]cnniam plop, ta]n: sa[)lmr(  small, inklligc.n[
s])accct aft Icqailiag vc]y fcw ]Ilissioll opc.ralions
pclsollnd.

‘1’lIc.  ])utposc o f  ( h i s  papcl is to dcscl-itm a n
architc.clurc for aulon~alillc  lIIC [)IOCCSS  of captalin~
slmccmafl  data. in pal(icular, wc. will dc.scribe Ilow’ lIK
cot I) Imncn(s  of (tic arclli(cctatc  transfo]l]l  a fli,g,ll( projcd
sc[vicc. Ic.q LIcs[ iato aa cxccatal)lc set of l)SN opc.la (ions
Illat f u l f i l l  tllc Icqucst  Il]roagh  auto] lla[cd mourcc
allocatioll,  ~oal-dlivcn  l)lan ~,cncla (ion, aild ])lan
cxcca[ion  and ]aonitoring. “1’hc. arcl]i[cctarc  was
dcsi~nc(l to assist Ihc I)SN in ]nc.cting the [Ilrc.c N A S A
goals n]cntioncd  in tl]c last ]Ialagrapli.  WC. successfully
dcliionstla[cd a prololypc  of Iliis architcc(urc in l;cbruary
1995 at NASA’s c.xlw]ilncn[al  lY+N s(a[ion, 1)SS 13, on a
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11’cci\r[ 1)1 L’:Iks  lock \vitl I lhc sp:Iccc Iai C) :I\ lIICY  OCCLII,

A l l  01 ll)t’sc :lcti{~ns :itc cuItc’I][ly pcIlt)II])cci  Ily lILITIIOIl
()[wla((lls, \\’llo Ill:ll)uill  l)’ i s s u e  Icns (Ji Il[ll)dicds
cotllIIldt\ds  v i a  a colnl)ulct kcyl)oald  (() lIIC link
Sul)syslrllls. ‘1’ltc lll(~nilolinf’, aclivilirs lcqultc  ll]c
(ll)c I;Ilo I (() lI:Ick  lIIC S[:IIC of COCII 01” ltw sul I< Yslc III\ in llIc

IIIIL  (U>(l:llly (Illcc [() IIVL’  Sul)syslcms),  ‘WIICIL’  C:lcll
s(IIIsys(c II)  II:IS II LIIIICIOUS  s(i~lc v:~lial)lcs llIal cl Ian~,c ovcl

(ilnc.

Aulmnation of (hc INN

ON1l’/1)ANS: AutoIna{Nl SclicduliIlg

‘1’llclli~,ll lclc.lt c’s(~~llc  c:llloc;ili(~ll  p]ol)lcl]~  fot {Iw sIIl:ilict
II,SN :ItI(ct~tIas i s  cult ct]t]y lI:Indl Ld I)y IIIC  ohll”
w’ilct!u]cl. ]tl lIIC fUILl!L,  an L’vo]ution  of[)hll’ c:ll]cd ttlc
lkIIIOII(l ALTCSS  Nc[\v(J]k Scllc[!ulcr  (I)ANS)  M’tldllllllx
sys(clll  is dcsi~ncxl [() ddci]css Icscllcdulin?, 101 [IIC  c]l(ill~

l)SN ( i . e . ,  :111 :IIIICIIIIIIS  aII(l antenna sIIIIsys(cIIIs).  oh41”
acccp(s  ~,cnc.talin(l scr\Jirc Icqucsls  11011) sl)accrtaf’t

plojcc[s o f  lIIC roll]) “wc IIccd ltl[cc 4- IIOLII (I IIcks l)c  I
\ycc~,, atId Icsolvcs  con flicls usinr,  a  l)tioli(y Iequcsl

scl IcIIIc 1 0  atlc II)l)t 1 0  ]n;lxil))im sa[isfac[ior) of” Iligll

I)]ioli  (yl)tojccts.” oh41)(lc;iIsw  i[llscl)ccllllcs f’01 NASA’s
?()-TIIclct  sill)l]ci itlvolving (I)ousands  01 possible  {t:icks
and a I’1ll :11 scl Icd LIlc involvinr, II LIII(IIC (IS of (lacks,

‘1’IK I}SN scllccl(llit~p,l>lot)lcll~ is fur(llcl con~l]lica(cd
t)y IIIICC  fac(OIs: ( 1 )  coIIlcxl(l cl)cIl(lcII( I)tiolily; ( ? )

sNl)syslc III ;Ill(wa[ioll;  nnd (3) (IIC possil)ility of Ic(lucinp,
Illc Iclly,lll Of[llc tlw’ks, I)SN  ([:ick[][  iotl(ics: ll(c(ll~[rxt
dcl~clldcl)[ ill (Ilat Il)cy :ITC of{cn c(jn[ill~,c[l[ of] Illc aulmll)l
of IIackinp, Il]c l)tojccl t)as tcccivcd so fzi] ill IIIC w e e k .
101 Ckillll[)lc,  ‘.ii plojccl  illi~ll[  l)d\’c  I)lioli{y 3 1 0  yc{ . S

(I: Irks, l) Iiolily 4 (() p,c( 7 [Iacks ;IIId p]ioliiy () (() FC[  9

(liiL’k  S (\\llCIL’  lo\\cl  pliolilics  Iclllcsclll l]lolL”  illll)olldt](

lIacks).  ‘1’llis l) fio[ily SUl ICIII:I  Icf’lcc[s  (110[ 5 (I: Iclis dlc

llCL’L’S\;ll  S (() Ill:lill(dil) Sp;l L’C(’10f( ]IC:IIIII  dlld  ~C[ L’llll  L’ill

scirncc  clala (() ~,lound slali(jlls; ‘1 Itdcks \vill ollomI n
]I())llinal :111101111[ olscicncr  (Iillfl  (() I)c downlillkc[i; :111(1  9
Itacks will dll(~w fol (lo\\illillkill~,of:lll” scicncc (I;i(a (i.e.,
tx>yolld  [Ilis Icvcl :Iddi(ionai  (mcksll:ivc Iittlc u(ili[y).  Al)
ill]])oll:il}l [x)int is [Ila[ slwciflc  [I;icks alc ]]01 Inlwlcd wi[li
(I)csc I)lioti[ics  (c.. g,,, IIIC pIojcc( i s  allo\vcd to sul)mil 5
(Iarks  :11 ll]iolily 3, ?  :11 pIi[)]ily 4 aII(l s o  (III). IIIs Ic:I(I,

\\’llCll  Coil S](!Cllll~, ddlllf,,  dCIC[lll~, 01 llI()\Jlll~, (ld L’k\, (l IL’

SL’]l  L’(i U]L’l II]LIS(  CollSl(kl (IIC  ()\ ’Cl d]]  l)lloll~y of (t IL’ I) IO JL’L’[

ill lIIC UUIICII1  :Ill(walio[) Colll(’xl In wldi(ion to all[~ca[in~
:IIII(IIII;  I\, I)SN  sclIc(l{IIIII~ II I\olvcs alloc:ili[~y  :IIIICIIII:I

S U [ ) S ~ S ( ( ’ i l l \  WI IIC’11 dlC  SII;IIL’(1 oy L’;l(’11 s]~lldl ]’Il)L’C’SSlll~

(’c II~c  I (suclI m lclcl IIclly lIl(Kcss(Ils, Ila!]smit[cls  :tn(l

CXCIIL’I S). Allocn(illg  [I ICSC col[ll)licalcs II]c sctlcdulit~g
]II(I1)ICIII  l)cc;ILlsc il ;I(i(ls (() lllL’ nlllllt)cl  oflcso[]luc\” l)ci[)~,

SLIIC(lUlc(i  aI)(l ccl (ain sul)syslrllls  Itlny o n l y  I)r l c ’ q u i l t ’ d

I’(I1 1):111s of Illc (I:lck. l;inally,  [IIC I)SN scl Icd L]l INg
l)t(hlcl]l isc(]lllplir:i(cd  I)ytlfc fact lll:il [l]c[l:\ck(lLll:ilioll
c:il] I)c Icl:(xcd.  };O] cxan)plc,  :1 l)to.jcct mny Icq LIcsl  2 3

IIOUI lI;Ick I)u[ sj)ccify d Il)inilllutl) Ildck lin]c 0 1 ’ ?  IIOUIS.

\VIIr II c!alu; iling, I)olclllial rcsoutcc  collf’licli  [ltL~
SLIIL(ILIILI  II IUSI col)si(lL’1  {IIL  ol)tioll”  ofsl  I(Il[cIIIII:I  II:ILAS  1[)

ICI II()\L ILS(ILIIUC COIII”IIUIS,  (’LIIICIIlly 0N41) :IIId  l)ANS
U\L’ ~1 IIIIL’;II  \VC!~,ll(lll~  \L’il L’lll C 1[1 C()!I,I  LIIIL’{1[)11  \{ ’1(11 d

[IIC){iIIICSd  SINII’1. I{X ,il:[t)tl[l]lll 10 [Ii]]] lI:IL’LS  111
;lL” L’old’lll L’C W](II  l)] 1(111 (l/d~ loll\.

1)1’1.,ih’:  Aulf)tt~a[cd  l’l(~cc(l[lt  c(; cilct’;itioll

‘III(  :ILIIOIII:IIL(I  (I:ILI.  l) IO LL(lLIIc ~cnclalioll l)r(Il)lcIII

111 V(ll\’C\ [dklll~  d i’t’11(’ltll SL’l\’l  L’L’ IC(IUL’S(  (\ UL’11 ;1S

[Clclllc(ly - -  II IL’ do\i’llllllk  ol’(l:l[; i (10111 :1 S[):lL’c’L’lillo :111[1

aII ;Icludl  cquil)lllcnt a\ SIFIIIIICII[  (dcsclil)in~, IIIC ty[w ()!’
:Ill[cllll;  l, lcL’cl\’cl, lclclll  Lily I) I(IL’CSSOI,  :111[1 so 011), :111(1

[IICII ~,cllcrd[ill~,(l)c dl~l)l[)l)rlii[c  I):itlially  (ltdclL’d  sc(lucticc
OI”C(IIIII  II;  III(IS (called :1 ‘I’c  II Il)OIal  IkI)ct)[k IIcy Nc[wotk 01
‘I’I)N;  scc I:igutc 3) [“()[ clciltill~, ac(Jl[llll Ll[lic:itiotlsl irlkto”
cndt]lc  II]c :It)l)to[)li;llc  ili(cr:lc(ion  wilt) (tic SIJilL’1’[’lZil’(.

‘1’tlC  l)ShT  /i[llc  IIIId o11C12[loll\” ]’I;IIII)CI (l)l’I AN)  LISCS  :111

in[c~]:l(ior]  ofAl Ilicl:ilclllc;il ‘1’ask  Nc[wolk (11’  I’N,) ;It}d
pdtlidl ~.ldcl ()[lc’l:il()]-l~iisc’(1  l)lanning lccllni(l[lcs I()
rcl)Icscm  I)SN :(ll(ctll]a opcttitions” linowlc(l~,c aI)d (()

~, CllL’li([C  :ill[Cllll:i  ()])CI:III()IIS  I) IOL’C(IIIIL’S  01) dClll:ll)d

r[wlm! CXxllqla,w , [!2!’?: 1

[
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. . . . .

liijyw 2: 1)1’I,AN and 1,M{X)A/NMC  lnp:I(s  nlld
olltplll<

It) OILICI [() fulflll (Ilc lli~~,ll  lc\cl scrvicc rcqucs( ~,i\’ctl

n cc I(:lin c(luil)ll]cu( :Illoc:i  [ion,” [IIC  IJ1)I  ,Ahl plalltlc[ UW>S
lli~,ll Icvcl ll:t{k i[lfo[llla(ion  10 dctctlllil]c  apl)lol)rialc
s(c1)s, oldclil]p, uot}s([:~i[lls 011 [Ilcsc  slcl)s, an(l S[cl)
piII:III)clc  Is. III ~,cnctalin~, IIIC ‘1’I)N, t h e  I]]:[TII)cI (ISCS

infollll:t(ion” (’loll] sL’\’clal  S(IIIIUCS  (SCC l;isurc 2):

l’rojwt S011: ‘1’IIc plojcc( scq LIcncc of cvc.nts s[)cciflcs
cvcn[<  [foil) [IIC lllissiol]/l]l(~jcc[  I>cls[lcc[ivc. A s  a lL~SLll(,

Ihc I)lo,jccl Sol; coll(:lins  n gtca[ (ic.al  o f  infollnaliol]
lC~,:lltllll~,  [l IL’ Sll:lL’CL’l~lf(  S~21(C \vlti(ll i s  Iclcva II( 1 0  llIc’

I)SN ll:lL’k, Ils \\’Cll :1S :1 I;IIEC :111101111( o f  S[):lC’CCl;lfl

in fol[ll:lt ion” uIIIcla Ic(l I() l)Shl ollc’la[iolls.” l<clc\’iilIl
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illl”t)[ll];llion six. ciflc(l  ill lIIC p]ojccl SOIi inrlu(ics  sucl)
ll(lll\  :l\ lIIC oll[~-\\J;ly  11:,111  11[11( (O W1,’I’)  10 lIIC S[lilc’ccl  iill,

liolllic:l(l(JIIs  of ll]L~  l)c,~,j]]])ill},,  :lt Icl cndinp,  (illl(~s of (I:icks,
slmccul:if[  (I:il:i II:instllissioll I]il 1:1(c cllanf,cs, Ill(xiulalion
iudcx Cllanpcs, and C:ll[ici  dnd sulwarlic[  f’It.flucIIu)’

c’lldll:,,  rs,

I’rtjjcct  p r o f i l e :  ‘1’his fIlc spcci[”lcs plo,lccl sl)ccifir
illl’ollltalion lcp,tlldin~, frc.qucncics  :IIId l):iss (yl)cs. 1 ~ol

Cxall)ptc, lhc I)loicc.l Soli inighl s p e c i f y  lrcq Llcncy =
1 II(; I 1, :111(1  Illc ]Jlojcct 11101’IIC  would s])ccify  llIc cxac(
!’Icqllcllcy USC(I.  ‘1’llc  plojccl p]of]lc Illiplll ;IIS(J  cotl[:iin
(llllrl \l:\l):ll ])211;  II IIC1CS  all(l  dcfaul[ (I:ick lylK’\

‘1’I)N 1{11: “1’l]c ‘1’cm])()]al  lkpci](lcncy NcI\\OI k (’I1)N)

l.ll( l\\ IC(l:,,c I):lsc (l:ay)d(l  & (’(loll Cl, 199?, I’:1}’y:i(l C( :il.
I ‘)().3)  s[()[c’s  infolll~:i(i(]l] ()[)  (IIC ‘1’I)N  l)loCk\ il\<lll~ll)lc fo]
1)1’1  AN :IT](I IM(’OA  [() Llsr. ‘ 1 ’ i l l s  kllowicdr,  c I)asc

i[lcl(l(lcs i]lf’()]tllali()n tcfar(lin~, ])tcc(~l]di(ion!,
],[)~t~t,[i[ll(iot~s, dllcc[i\rs, an(l (JIIIC[  aspcc[\ ()( (IIC ‘1’I)N
lIl[)(k,\, 1[ :IIs()  illclu(lc~ il]f”t)]lll:l[io[) 01) Iiow [(l Cxl);lll(l  IIIC

IIIOC’L  [)oliililc(cl\  iill(l  11:11 Ilr\  1!110 IIlc  ;Ic(uill f’l:lllllt’ Cll(ly
I I I  :1 ‘l’l)hT,

l~(l(lillnlclil  (Iflllfi~lll:iliol]: ‘1’llis dc[ails IIIC lylK’s of
c(luil)!nctll :Ivailal)]c  and lIIC uniq(lc idcntiflcts  Illat
sl)ccily  llic cx;ict  picccs  of cqu Il)IIic  I)l (() I)c  u s e d  il) (I)c
(I;l[k.  ‘I’l Icsc il)clucic llIc aIIIL’HtI:I,  aIIlr IIII:I coIIIIollc  I,” IIIC

[c[.c’ivcl, iIIId so 011,

l)l’1.  A N  uscs IIIC Soli :In(l proicc( ploli]c  10
(Ictcllllitlc (tic (JVCI: III g,(m]s  of [IIC [T:ick, ‘I:IIC  I)SN l)liItlt~ct
lL’(l(lccs  IIlc Ilif,l] lc\)cl (lack ~,oals illlo cxcc LI[:il~lc s(cl~s I)y
:l]ll)lyin~ kllowlcdgc  al)OLIl how [() a~ilicvc sl)cciflc
col]ll)illdli(~ns  01 lIack ~,odls it] lhc COIIICXI of sl)cci~lc
cqlliplilcnl c(~llil)ifl:iti(~tls. ‘1’ltis i[)i’orlllalion” is IL.ll]cscntc(l

---f . . ..- :

3TConfigure If Ccwflgure
Switch uWC/l  F’R  fm
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III (IIC f(m iI 01 [a\h Icd(icti(]n ILIICS, \\,llicll dc[:[il lI()\\f ii set
oi tll~tl ]c\’cl  ~,():l!S  (’till  t)C’  IcY!lIc’C(!  ill(() :1 SC( of to\VCl ICVC1
\T();il\ ill :1 I):ll[icul:tl l)l(~l)lc,lll  sotviny, Colllc xl. l{:lCll l[lsk
Icduc[l(jll  Iulc [igolously”  (Ic(lilcs 1(s sco]K ill (cll[ls 01
[lack :Ill(i c(lui[)lncrl(  Colllt)ill:iliolls.” ‘i’llc sL’(Ipc  of ’
:Il)l)ltc;ll)ill(y  01 (tic [ulc C:III I)c li]oug,li( of” iu [cllns (~f a
[r:ILk ~,oal I)iclalctly an(i/(N all cquiplllcnl  P,(MI  Ilicialclly,
\I.Iiic Ic IIIC ILIIC al)l)lics (() all conlcx(s  wililin Il)c Iclcvan(
l]ictalclly (i.c,, al] sl)ccialimtfons  of ik scope).

(Jsinr,  (Ilis i~lot)lcl[l spcciflca(iotl, IIic I)SN planner
uscs (ask rc(luclior] I)ldl]ning  (cclllli(lucs  (:ilso cal]cd
Illcl:ll(llic:tl [wk IIC(I\I(IIk  01 I [’IN)  (ilIol C( a l .  I(W4) RI)(I

ol)L>li l[ol-[)[lS(>(l” i)lanl)ill:,  lCClllll(ill  CS (1’Cll)l)Cllll~ &! \VC.1(1

l“[~?) I ( )  l) I(I(l\Icc :{ [)alali]clcli/c(l [Iack-sl)cciftc  ‘1’IJN  I()

1)(  u\L(l (() conciuc[ [Ilc {I;Ick. “1’llis (tack-s[x[iflc  ‘1’I)N
;IIIII  (i!(’  Soli Cilll [tl Cll t](> u\r(l t)y l,h4(’0A/Nh  4(” [()
(~l~cIa(c lIIC ;Ir(ual :ir)lcli]la  in 011.icI to uollducl (IIC
lrc’(111(’\l(’d  :Il)lclll):l  (lack,

l/hl(’OA/Nhl(I: Aulo]n:Itc[l l’rocc(lllrc
l;xcculiotl

‘[’ t ic  :iu[(IIIIHlc(i  cxcc’ulioli c(IIIIi)OIIc II[ LISCS (tic ‘1’I)N
(I;IFUIC ~) }IcIIcI:I(cd  hy l)l)l. AN to [) Cl  foIll)  liIc ~tctual

[tack aII(i  is lcspollsit~lc I’01 lllonl[o]in~ (lIc cxccu(ion  of
tlIc ‘1’I)N.  l’lcviously an cxl)clilllcn(~ll SySICIII  called the
l.illk Morii(ol” :it]d~’ol)tlol” ()[)cIat(M  Assis[an[  (1.h4(X)A)
lvas (icvcloiml to au[OIIIalc(i II]is i) Ioccss; CLIIICIItly  lhc
kcy cot]cci~t$ :ITI(I cnl)aijili(ics of [Ilc 1.h4C’OA  sys[cill  a r c
tminp, (IaT]sk]Ic(l  to [I)c opct;l[ional” i)SN it] IiIC (iclivcry
()( [IIC h’c[w’()[k  h40t}it(ll  ;III(I  [’(11111(11  (N fvl C’)  A(l[olr]:ttion”

iltl~,illc. ];or [rack oi)cla(ions,” :Iutolnil  (cd pIocc(lllIc
cxccu[ioli :iIId cxccu[ion liioni[otlt)~,” irivolvcs cnsulin~
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link [)CCUIS.  , I. M(:OA  uscs at) OI)CI:I(OI-I  ): ISC(I”
tcl)lrscnta(iol)  of IIIC ‘1’I)N  (()  IC[)ICSCI)I  IIcccss:IIy :111(1

dcsirld  conditions fw cxcculion of [n(wcdulcs  :111(1 [I;Ic~s

rot [Ilc Iclcv;ll)l Sul)syslcm  S(:ilc.

d (Iilcclc(i ~,1:11 )11, \vl IcIc [IIC lIIcuc(lc IIcc Ici;llio]is dIc

s]w(iflc(l l)y lIw n(Kirs :tnci :IIUS 01 [I N-I  nc[v,(Mk.  ‘1’IIc  t~l(~cks
ill IIlc y,ldl)l) :IIL’  ]ml[i:llly oldrlrd, IIlc:illit)y,  lhal S(JIIIC
I)locks IIldy t)c cxccu[cd in I)al:lllcl, ‘1’clllpolal kllowlcdp, c
i s  olso CIIC()(IC(I  in IIIC ‘1’I)N,  wllicll illcludcs twill :IIMOIUIC
(c. f,. Acquilc (lIC spaccc[:ii’~ a( (illlc 02:30:45)  [iIId relative
(c.{1,.  l) CII(II  III sIc1) Y 5  Illitlulcs :Il[cr SICI) X) [CIIIINI:II
co[lsllaillls,  (’()[ldili()llal  I)ldl)cltcs in [Ilc tIc[\votk arc
p e t  foIIIIc(l OIIly UII(IC!  cl[:iil)  cot)(ii[ions.  ” ol)liol):il” patl)s
:ilc lllosc \vllicll alc 1101 cssc[)[illl 10 [Ilc  ol)cl:l (ion,” I)LI[ lI121y,

I(II cx:IIIIl)lc, I)tovidc a hi~l]ct level  ()!’ con fldcncc ill IIlc
da(;i lcsul[in~, i’IoIn a plnll ii’ pcI 1’01  IIICd.  hflolc dc~ails  :il)ou[

“1’I)Ns aIc i)lovidcd in (}~ayywl  & (kmpcI  I W?).

‘1’() CXCCU(C  a ‘1’l)N, 1.hfC’OA  pcIforJ)Is  (I]c f(jllowil)g
fullc(i(~ns:  ( 1 )  i( loads II]c [mrall~c(crizcd  ‘1’i)N into IIIC
l;xccu(iotl hl:tt]a{{c[; (?)  i[ dc[ct [t]incs wllicll  ‘J’I)N  blocks
:ilc cli~iblc f’hl cxccu lion and  sp2w JI)s  ~ pIoccss lot c:ich

‘1’I>N  I)lock; (3) ii checks WIICIIICI  II)C  plcconditions ofcact)
‘1’I)N  t)lock lIa\c Imcn sa[isflcd;  (4) once [I)c ptcconditions
wc satisflcd, it issues (I)c  “1’l)N  block co]l]n~ands;  :ind (5) it
vcliflcs wlK’llIct  (Ilc. col]]mal)ds Iuld (Imil inlcl]dcd  cfl”cc(s
on (I)c c[]ui]}lncni. ‘1’llc O])cldtol intcl acts will]  Il]c
1.M(IOA I)y wa(cllil)p,  t h e  cxccu[ioll 0 1  IIIC  “1’I)N;  (IIC
(Ij)cI tII(II CNII  I)UUSC 0 1  s~ip pm (iol)s of II)c. ‘1’l)N, cllcck IIIC
sI:llus  of conlllia[lcls  willlin indi\’idu:ll  l)locks,  atld [)[o\~idc
itl[)u[s \vl Ictc tllcy arc Ic.quilcd \VIIcn lv~l[ of a ‘1’I)N  fails,
(tl[’ 1.M(’OA  S[1])1)01(S  lll:iI)U:(]  lCC()\JCly by IIIC ()]) Cliil()l by

lli~,llli~,lllinp Illc I)oinl of i’tiiluic and l)lLl\,i(linf, illf(l[[ll:ltioil
21)0111  llIc I)lccottd  ilions or ])os[c(]tl(liliorls”  that lailcd 10 I)c
salisl’lc(l.

Results

111 l’cl)lllnly 1995 :i Colll})lcl)cllsivc  dclllons(la(ion w:is
con(luc(cd lo \’alida[c  IIIC co]lrcpl  of’ illtc$ialinf, ;Ind using
[Iw A l  solI\v:itc dcsc[ild  it) [IIC plc.cc(liltr, lMI;ip,[al)lIs  ((~
lla(’k a SIUICCUI:II(  will] lIIC I)SN. III IIIC (lc]l](lt~s[l:i[i(~ll,

I)l)l,AhT :ICIIC[:IIC(I  (I)c  ‘1’I)N slI()\vn ill l~ipu]c 3 (’i)r :1
Voytl~ul ‘1’clclllC[ly  IX]wnlink [liiCk usitlg, lIIC cqui[)tllcn(
cofll”lf,lltillioll” d[ I)cr})  S])acc S[n[iof)  13 ill (iolds(onc,
(’:llifolnia, \\l)icl) included a 34-lllclcl  l)calll-\va\c  F,[lidc
(ll\V(;  ) af][c>[]ll:l  at)d ii lclc]i]r[[y ptoccss(]t. ‘1’l]c ‘1’I)N
F,c IIclil[L’d  hy 1)1’I.AN  \VdS SUCC’CSSfLllly CXCC’U[C(]  t)y

1.h4(’OA--il col]llll(lllic;i(ic~lls  Ii Ilk was cs[;tblisllcxl  wi{l~
voyapcl  :111(  I [ t i c  34-IIICICI  ‘Ilw(;  ar)(cllll:i  (I:ickc.(1 lIIC

sp;IcccI;If[,  \vi[l) ll~inilnnl lIIIII);i  II cOII(IOI.”  AS a JCSLII[ of (Ilis
(lctl~[)ll\(l;t[iol~, 1)1’1.AN  and [Ilc conccl~[s illll~lctllcntcd  in
I  h4(’[)A  :IIC CIIIICII[ly  l)cin~, lI;IIIslcIIcd  [III(I  i]l~l)lcrtlcl)tc(l

ill [II{ h’LI\\{IIk.  (’(~IIIIol  I)l<],lc(t  (h’ ( ’ i)), u,tlicll fvil! I{[Il~Icc
twt) 111,11(11  I)SN sut)sys[cllls-[lir  hloni(o]  aIld (’c)IIII(JI
(hf&(’)  ,(ltl\~S{Cll)  :111(1 ( t  I L ’ F!clw(IIk  l)ldnrli  [,:, iIIId

I’lcl);ll(lli, )ll (N]’]’) Sulhystclll

111 [11]~ sccl]OII  wc dcsc]il>c llIc :Is[)ccls of /~/~IIi  (.lc([f[iolf

:IIId )V/)/(IIIIIiIIX  I’ 10111 lIIC llcts[)c,c(i\,c of c:icll of lIIC (I IICC
c- OIIIl)OIIcIIIs”  irlvol\’c(l  I I I  IJSN Antcnn:t ()]~cla(i()ns:
JL’sc)utcc :Illocatioll,” l)I(KcdLItc g,cllcl;itioll, :IIId ckccu (ion
ll~[)l~il{)lin~.. 111 C:ICII  c:isc \vc dcsclilm  [I)c  c~ccu[iotl
l[loili[(~lii~,y  :111(1 Icl)lullni[lg  (Icscllcdulinr,  ) prot)lcll}\  as well
:\s cll\\sify (I)uII}  il~tf) ll~c c’alc~,tM ics poslcd in lhc sylnlxwia
C:(11 fof IJ;ll[lcilxilioll. III Inosl  C:ISCS  tlIc cxcculion  HIId

lcl Jliillllill ~,/lcscl\c cl(llillg, co]llplcxily  aliscs i’lol]]: (1 )
dytl:ilt)isl[)  - (lIc UJOI1(I  c:IrI cl);ir)p,c it)(icl)clldcnlly of” [IIC

l)1211t t)ci[ly cxccu(cd; 411d ( 2 )  cl)i{n~,inr, ol);:clivcs I)C\\’

g,onls C:lll  :Illsc :11)(1 o l d  ~():tls c:in I) CCOIIIC  utlilill)O1-[:it)l ;Is

til]lc l): Isscs.  Wtlilc IIIC  I)SN :i[l(cnno oi]cla(ions dol[~;lin
:Ilso Itas Illc :tlllit)u(cs of in(ctluplit) ilily (acli(~ns ]nay last
OVCI  apl)lc’ci:tl)]c dulalions  and I nay bc inlc. [ [ uplccl dul in~,
Illcir cxcculiol])  and concuilcncy  (actions and c\,cllts Illay
(KCUI  sirllill[:il~collsly),  Illcsc aspcc(s  of [hc donlaill do no[
in llIcn)scl\Ics c a u s e  1)1:111 cxccu[io]) :tI)(l lcpl~t)r)if)g

cotl)[)lcxily.

A I  (IIC lli~ll ICVC1  0 1  ICSOUICC  iilloc~tiol),” sct)c(llllc.

e x e c u t i o n  d o t s  t]ot il~volvc cxccuti O1) III ODI1OI”  il)~.

lIOWCVCI, tcscl}cdulill~ i s  oflctt ncccssn]y  duc (0:
cquil)lllcll(  (lulap,cs,  1;1$[ Illinu(c  (lack tcqucsts, l:~s(lllinu(c
clt:til~,cs to sulldulcd  IIdcks, and :I(lllos])tlclic  co]ldi[i(~ns
i]ll[)acl 011 II:wkinp, c:i[):il)ili(ics. Rcsci]cdu]inp,  can occul in
lV.JO  ways: (1) it can bc ini(itilcd Iq)-down due. [0 a cl I: IrlSc
10 a  plcviously  scl Icdulcd [lack OI :Iddi[ion  of’ ;Ino(ticl
Icqucs(; :11)(1 (2) i[ C: III occuI 1)()[(()11)-LI1)  ii] [I]:tl  cquil)ll]ctl(

OU[:I:,CS C:ill occ Ll[ 01- (l;ic~s (’;tl]  I’:iil ncccssilalir)~

Icschc(lulinjl,.  Ili {IIC cvciI( of ’o r]c\v  01 ]]lmliflc(l  Icqllcst,

l)ANS uscs loc:lli/cd l~IaIIclI  :IIId  l) OUII(I sc:irclt tocmsi(lcr

:lllclt12([i\,c  II IC[l  II I(IS fo[ s:ilisfyitl~  llIc I)c\v  lcqucsl ‘1’llis

sc:IIcl  I u s e s  :Is ils I)oun(lins funclioll  a  dis]uplio[l cos[
]IIC.:{SU[C  wl)irll ;Iccou IIls fol IIIC o\Jc]l Icfid i n v o l v e d  in
Il]ovitl[r,  allc:Idy scl Icd LIlcd (I:Ic~s :11)(1 :Ilso ZI sa(isfacliol~
III CMUIC accoutllill~,  fot wlml lcvc} 01 Iqucs[s lI;IVC I)CCII

s:llisficd, liccausc w c  usc I)tallrl]  :111(1  Imund tccllniqucs
I>ANS C:III ~LI;\ItiI~\cc tlI:It it \\Jill  l)io\i(lc a IIC\\I scl Icd LIIc

\vl)icl) i s  ol)lilllill \vi[lt Icspccl I() (IIC collll)incd dis[ul)lion
ald satisf’ilc[i(l[l c<l~( (“ul}c (ion. In tlic l>lc\,iously  discussed



l:lxon(~my of ]C; ISOIIS  f’(JI  colnplcxily  I I I  cxcculI(JI~  and

In ll]c eve]]! of” [i ctlan~c in cquil)lllcn[ availdt)illty
I)ANS I’IIS[  UII(I:IICS ;III IcsourLc [i[]]cli[)c\ (() tcflcc[ IIIC

I)CW ICsollll’c 11’\ ’L’l. ‘I’l IcI), dcj)cndiny C)I) llIc’ s]/c 0 1  [IIC

Cllallgc it IIas (UC) (Jp[ions. IFirsl,  if (I)c cl I: II}~c  is I(walifcd
I)ANS cal) pC[follll  l)lal)ch  atl(i  t)ol]l)d  SCdl  C}l  1 0  lC-C\d!U;  l(C

Icqucs(s  in lif,hf of IIlc ncw cquitmc.nl  si[ua[iot].  }lo\vcvcI,
if II)c cl]atl~,c is (m) laf~c in scq)c.  IIlis sca[cll is iIIII:icldl Jlc.
101 cxatnp]c,  if ;III :In[cnna  uncxpcc(cdly  y,(ws  (Iowrl  1’()[ a
\C\JCl  ill  (i;l~S 111(’  {’il\(’:l(lill~  Cff’CC(  01) 11:1(.  k\ C:ll)  IIC  qui(r

ILasons  f’()[ collllllcxily in cxccu(ioll  ;III(I  [cpl;illoinyi llli~
[ypc of” Icsctlc(luliny co[-tcsponds  (() (iyn;tl)lislll,

soltlclinlcs  CIIa I]~C (w,l)ictl colIL>spoIIds  cx; Icily 10 llIc
cl]allp,i[lr, ol)j<’clilus  I(CIII  in llIr l:IxolI()[IIy).  of ’[c II, sII(JI II)
I)liol  (() 01 (Iu[inf! a IIac k, a p]ojcc{ In:Iy subllll[  a IC(]LICS[  10
il(l(l  sclviccs  10 ii [1:1(’! ‘1’llis coIIcsponds [() :t(lditional
~,(~:lls Wllicll Illusl I)e incoqml:llcd irl[()  lIIC  II:tCk  plHIl,  ]11

[}1(’  Cilsc  wllclc  g(mls atc added t)cf’olc lIIC hack :Ic’[u:illy
Iwj!ins,  1)1’1  .AN add IcAscs  (his  prot~lcll~  by addin}[ tl}csc
:Id(liliol)al “Llnacl)icvcd  ,goats’” “1(1  Illc  CU; lcnl  pliul  and

Ics(atlin:, lhc l)lannir~g poccss with IIlis sillglc  paIcnl plaII,
‘1’his l)lcll)od is  incotllplc(e  in lhm]y  bccausc  (Iw pl:inncl
n~ay h a v e  n)a(lc cl)oiccs  wllictl alc incolllpalil)lc  wilt] IIIC
ncw goals. 1 lowcvc.[’, for Itlc spccillu SC(S of p,oats and
domain Il]colics tclalcd  [0 finlcnna opcla(ior~s  wc I)avc
cxalllin cd, wc Imvc bc.cn able 10 usc cnc{din~s  f’w which
Colllplctc.ms  has not t)ccll a plot) lclll. l{LI1 Illis is an alca
of culrc.n( wx)]k. II] lhc case whc[c seals aIc addcxl dul in::
lIIC actual track, wc Ilavc not addlcsscd (Ilis ca<c - i[ is also
:11) alca of Clll  lL’n(  Wol  k.

AI~otlIcI  c a s e  lot rcplannillg, I’(JI  1)1>1 ,AN  I S  (IUC (o
(lynal]]isll~, Af’[c  I a plan lIas I)CCII  p,c IIc IaIc(l, a I)lork  (pl:I II
s[cl))  lIIay [ail,  a  ])iccc of cquiplncn( IIIay Icquil~’ tcsc((inp
(dllc [ ( )  ~c]lct:il ulllcli;ll)ilily),  or ii piccc o f ”  cquil)]l)c[)[ IIlay

fail ()] [w plc-clllp[cd  l)y a hif,llcl l)lioti[y (JiIck.  1]1 (Ilc case
o(’ ii sitll]]lc  [)lal] step (’ailurc 1)1]1 ,AN silll])ly calls for rc -
cxcculiol]  of lt]c l~l(~ck. If’ a l)iccc of” cquil)lllcn( Ic. quite. s
tcsc([in~,  lll’I. AN I)as knowlcd~:c  dcsc]il~inp,  w,llich
aul]icvcd g,oals alc un(ionc and rcqui[c rl’-csl:it)lisllll~c]l(.
1)1’1  AN (I)cn uscs a mplanni[lg  (ccllniquc (Wany,  & (’llicn
1~)~()) wl,iC1, ILJ.. IISCS p;II(S o f ”  llIc oti~,inal  I)lal)  ;Is  llCCCSSaly

[() Ic-acl]icvc [IIC undooc g,oztls. ‘1’his lcrlltliquc  takes

:i(lvanlap,  c of” llIc I’:icl  llIal  lIIC ()[i~,ln~ll plan Ilcsins Iron] a
\liilc ~vlli[.11 is c{]uil:ll(.[11 (f) rcscl(infi  dll 01” [Ilv sLIll\ys[r II Is.

‘1’lic l)lan cxcu(l[i[~ll  COIIIIJ(JIICII[,  ci(llcl  1.hl[’OA or IIK
NM(’ au[olna(ion cn~, inc, pclfo]llls  Iltc IOWCSI  ICVCI of plan
cxccu(ion and C(IIIIIOI..  ‘1’IIc  NM(I cn,yinc is jcspottsil)lc  for
[Ilc Closed  l(lop Illollllol” and coll[[ol  futlc[ions lc’quilcd  I)y
[lK’ an[cllr}a and Icldlcd sutwyslclll opcla[ions”  :is Lvcll as (IIC
cxccu(ion n)onl[ol  Ing and su~syslctll  cooldin:i(ion. ‘1’ltc
NM(’ cngil~c [akcs (I)c  p]at) gcllcra[cd I)y 1)1)1 ,AN and
I,c[fo]llls IIIC sl)cci(’lcd  SIC1)S  -  cxpar)(lins  cacII plan s t e p

( c a l l e d  a  ‘1’IJN  I)lock)  itl(o the apl)[ot)tiatc  lmiil]llctclizcd
I)l(NcduIc  inll~lcltlclllc(l  ill a  sc[iplinr  Idtl:, uai:c. “1’l)c
S(’ll[)ls itlay l~~[t~)l[]] tnolli[orin~,,” ct)tl(tol,  and
coll~llltl[ ~ic; ilio[~-[yl>c”  Ioiic[ Icvcl dircc[ivcs, A(l(ll[ion:ltly,
IIIL sc[ipls  of’let] c[]lluxl~ SUCI1 l)lan cxccull{)ll ;illd rccovc[y
111(’III(KIs  SUCII ai clo~u(l  I{)(1I) C(III(IOI, ICI I ICS,  aII(l  co~,ni/.anl
I’ailu  [c. IlowcJfcr,  {ill 01 (IICSC IIlcltlods  alc within IIIC scope
01 :( si[l~,lc ‘1’l)hl  I)lo(k, III IIIC c~,c[]( (~1’ ii l)l<)ck I)IOCC(ILIIC
lKIIIg UII:II)IC (() acl  II(\c I!S ol)]cc(ivcs,  IIIL IJI(IcL  WIII  Icpm
I: II ILIIL :in(i I, M(’(),4 (II Nill(’ \vill c(IIIcs[IL)Il(lIII:Ily  IcpoI(
1<111  (11(’  and  (l IL’  I)l; 11111 <’1 \\’Jll  l)r llo[lf ’lLxl [11(1[  lLl)lal  Illllly, Is

IIccc’ss;  lly,

‘1’llis pal)cl I]as dcsctibcd  a  Illclalcllical  scll{:dulin~,,
[~lanninp,, Cont!ol,  and cxcculiotl n]oniloli]l~,  arcl]i[cc(ulc
lot au[()]]l:tlin~  opctalions” of” d wo! Idlvidc IIc[\voI k ()[
roll) llllllllc:l( lolls” all(cllr) a\, ‘l’l[is  afcl}i(cc(uic consisls  of”
[Illcc Icvcls: [c’s{)utLc  alloca(iotl,  [lack l)lan ~cncl;tlion,  and
(I;lck cxccu(ion,  IVC {Ilcll dcsctil)cd  :t. i) L.C’[S (If [)lall
cxccu[ion  :ind lc.l)lal)nin~, al cacti of’ [I)csc ~lllcc l eve l s  -
[)rllllalily duc (0 cllallg,ins objcc[ivcs  aild dynalnism. ‘I”llis
au(otllation arctlilcc(u[c  Ilas lmcn dcmotls(ratd  in an ac(LJal
()[]clalimls  sc((iil~ and is in Itlc l)loccss  01 t)cin~,  i’lcldcd al
opc[ational  I)SN si(cs.
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